INTRODUCTION {#sec1-1}
============

Emergence of multidrug resistant (MDR) organisms are a global threat. Extended spectrum beta lactamases (ESBL) and AmpC production among *Escherichia coli* often leads to failure of beta lactam therapy. Carbapenems are the treatment options for ESBL and AmpC producers. Resistance to carbapenems by production of carbapenemases leaves us with potentially toxic drugs, like polymyxin and colistin.\[[@ref1]\] Co-production of multiple beta lactamases in a single isolate limits the treatment options further.\[[@ref2]\] Hence the present study was designed to determine the concurrent production of beta-lactamases using a simple twelve disc method on *E. coli* isolates.

MATERIALS AND METHODS {#sec1-2}
=====================

This cross-sectional study was conducted in tertiary care teaching hospital. Data was collected from February 2014 to January 2015, for a period of 1 year.

A total of 200 consecutive, clinical isolates of *E. coli* which were resistant to third generation cephalosporin or multidrug resistant isolates from various clinical samples (urine, blood, pus, stool, sputum, body fluids, throat swab, high vaginal swabs and cerebrospinal fluid.) were included in the study. The isolates were processed by twelve disc method.\[[@ref3]\]

Twelve disc method {#sec2-1}
------------------

On a 150 mm Mueller Hinton agar petridishes on a lawn culture of the isolate, 12 antibiotic disc was placed. The antibiotics were aztreonam (30 μg), ceftazidime (30 μg), ceftazidime/clavulanic acid (30/10 μg), cefotaxime (30 μg), cefotaxime/clavulanate (30/10 μg), cefoxitin (30 μg), cefotetan (30 μg), ceftriaxone (30 μg), cefepime (30 μg), ertapenem (10 μg), imipenem (10 μg) and meropenem (10 μg), in the specific sequence. Interpretation was as follows:

ESBL production was considered positive if zone diameter of inhibition around disc of ceftazidime clavulanic acid and cefotaxime clavulanic acid ≥5 mm than the ceftazidime or cefotaxime disc alone.

AmpC production was suggested when the isolate was resistant to cefoxitin (Zone diameter ≤14 mm) but susceptible to cefepime (Zone diameter ≥25 mm)

MBL production was suggested if the strain was resistant to all carbapenems (Zone diameter of imipenem ≤19 mm, meropenem ≤19 mm and ertapenem ≤18 mm). This was confirmed by Modified Hodge test.\[[@ref4]\]

*Klebsiella pneumoniae* carbapenemase (KPC) was suggested if strain was imipenem sensitive (Zone diameter ≥23 mm) and ertapenem resistant (Zone diameter ≤18 mm). This was confirmed by Modified Hodge test\[[@ref4]\] \[[Figure 1](#F1){ref-type="fig"}\].

![Twelve disc method showing *Klebsiella pneumoniae* carbapenemase beta lactamase production. (A) indicates imipenem sensitive and (B) indicates ertapenem resistance](AJM-8-46-g001){#F1}

All the isolates suggesting MBL production were further tested for inhibition by EDTA using the Imipenem EDTA combined disc test as per Yong *et al*.\[[@ref5]\]

Statistical analysis {#sec2-2}
--------------------

All the data was entered in Microsoft excel and analyzed using SPSS 15.0 Version (SPSS Inc. Chicago IL, United States of America). All categorical variables were expressed as number and proportion. Categorical variables was compared between the two groups using Chi-square test. *P* \< 0.05 was considered significant.

RESULTS {#sec1-3}
=======

The study involved a total of 200 consecutive, multidrug resistant isolates of *E. coli* from various clinical samples over a period of 1 year. Among the 200 isolates, 138 (69%) were from male patients with the male to female ratio of 2.2:1. Almost 60% of the patients were in the age group of 21--40 years. Infection were detected in urine samples (64%), followed by blood (15%), stool (7%), pus (5%), body fluids (5%) and high vaginal swab (3%) in the present study. A total of 95 (47.5%) isolates were from outpatient, 77 (38.5%) from inpatient and 28 (14%) from intensive unit cases.

Susceptibility pattern of the isolates {#sec2-3}
--------------------------------------

The susceptibility pattern of the isolates and among inpatients and outpatients is mentioned in [Table 1](#T1){ref-type="table"}. Among the *E. coli* isolates high sensitivity was found for carbapenems (ertapenem 85%, imipenem 78% and meropenem 71.5%). Sixty one and fifty six percentage of isolates were sensitive for ofloxacin and levofloxacin respectively. Sensitivity to cefuroxime and aztreonam was more significantly associated with outpatient than inpatients (*P* \< 0.05). Sensitivity to cefoxitin and ceftriaxone was more among inpatients than outpatients and was found to be statistically significant.

###### 

Antimicrobial susceptibility pattern of the isolates among inpatients and outpatients

![](AJM-8-46-g002)

[Table 2](#T2){ref-type="table"} shows the coproduction of various beta lactamases. Out of the 200 *E. coli* 42.5% showed confirmed ESBL production. Among the 13 KPC screened by 12 disc method only 5 isolates were confirmed KPCs by the Modified Hodge test. Thirteen isolates of the MBL screened, were confirmed as MBL producer using imipenem EDTA combined disc test.

###### 

Coproduction of various beta lactamases

![](AJM-8-46-g003)

DISCUSSION {#sec1-4}
==========

The present study found that 42.5% were ESBL producers, 9% were MBL and 6.5% were KPC and AmpC each respectively among the strains of multidrug resistant *E. coli*. The study also highlights that coproduction of beta-lactamase was observed in 54 (27%). A significant difference in sensitivity was seen in cefuroxime, aztreonam, cefoxitin and ceftriaxone among inpatient and outpatients. This emerging trend of multidrug resistant *E. coli* among clinical samples raises a major concern for the clinician.

*E. coli*, a member of family enterobacteriaceae, is most common cause of nosocomial infection.\[[@ref6]\] Beta lactam antibiotics are considered efficacious with broad spectrum coverage and minimal side effect for treatment of bacterial infection.\[[@ref7][@ref8]\] Antibiotic resistance is a major problem. Risk factors for antibiotic resistance are long term and inappropriate use of antibiotics, severe illness, comorbidities, long term hospital stay, poor sanitation and instrumentation or catheterization.\[[@ref1][@ref9]\] Infection caused by these MDR organisms have a heterogenous expression leading to long term hospital stay and high mortality.\[[@ref10]\]

ESBL, AmpC and carbapenemases like MBL and KPC leaves us with limited treatment options. Further, MBL just like ESBL and AmpC, can be transferred between species by plasmids.\[[@ref6]\] Genes encoding for MBL are often present on class 1 integrons. Antibiotics like aminoglycosides and fluoroquinolones also have their gene cassette in the integrons, thus leading to cross resistance. Transposons, highly transmissible genetic element responsible for drug resistance have integrons embedded within them leading to transfer of resistance.\[[@ref11]\] Hence, timely detection prevents the spread of infection.

In the current study resistance to ampicillin, ampicillin/sulbactum, meropenem and ofloxacin was 81%, 63.5%, 28.5% and 39%. The resistance pattern was comparable to study by Ansari *et al*., who had shown a rate of 74%, 57%, 37% and 47% respectively.\[[@ref12]\] Resistance to levofloxacin, cefuroxime and ceftazidime was 35.9%, 82% and 65.4% in a study by Nisha *et al*., which are comparable to the present study.\[[@ref13]\] Cotrimoxazole resistance of 73.5% in present study is comparable with 84% in study conducted by Sharma *et al*.\[[@ref14]\]

[Table 3](#T3){ref-type="table"} compares the percentage of ESBL, AmpC, MBL and KPC production among the various studies.

###### 

Comparison of various studies for beta lactamase production and coproduction

![](AJM-8-46-g004)

The first ESBL was disovered as early as 1980.\[[@ref7]\] In India rate of ESBL production is 66%, which is comparable to studies in Turkey which shows 54.7%--61%, 41% in United Arab Emirates, 31.7% in Kuwait and 72.1% in Iran.\[[@ref9]\] In the present study we have done ESBL detection using both ceftazidime as well as cefotaxime. it is known that ceftazidime is best indicator of TEM and SHV and cefotaxime is a good indicator of CTX-M type.\[[@ref7]\] The present study had a ESBL detection rate of 42.5%. The yield of ESBL varies from as low as 24% to as high as 81%. This could be as a result of varied geographical region and method used for detection.\[[@ref1][@ref2][@ref8][@ref15][@ref16][@ref17]\]

AmpC Betalactamases are plasmid mediated beta lactamases that hydrolyse all cephalosporins except cefepime and the carbapenems. In AmpC, the inducible chromosomal genes becomes mobilized as plamids.\[[@ref18]\] In the present study the rate of AmpC detection was 6.5%. The yield of AmpC in our hospital setting is less compared to other studies in India.\[[@ref1][@ref2][@ref8][@ref15][@ref16][@ref17]\]

Carbepenems are the main stay of treatment of isolates resistant to penicillin and cephalosporins. Carbapenem resistance due to carbapenamase production was first discovered in the year 1988.\[[@ref19]\] This leads to very few treatment options. In the present study the rate of MBL detection was 9% and this is in concordant with studies done by Rawat *et al*. and Wadekar *et al*. and discordant with studies done by Oberoi *et al*. and Chatterjee *et al*.\[[@ref1][@ref2][@ref8][@ref16]\] KPC production in the present study was 6.5%. As carbapenemase production in the present study is low compared to other studies, we still have to adhere to the concept of reserve drugs and minimize the misuse of available antimicrobial to preserve it for future generations.

Coproduction in the present study was 54 (27%). This is low when compared to other studies.\[[@ref2][@ref8][@ref15][@ref16][@ref17]\] The 12 disc method is a simple, easy, inexpensive, single plate method for the screening of various beta lactamases. However the disadvantage of this method is it can be used only for screening purpose and the results need to be confirmed with a confirmatory test. Molecular methods for detection of beta lactamases are gold standard, but due to cost constrains it could not be done in the present study, which could be a limitation of the study.

CONCLUSION {#sec1-5}
==========

The present study highlights burden of ESBL, MBL, KPC, AmpC and coproduction of these carbapenamase among multidrug resistant isolates of *E. coli* in a North Indian tertiary care centre. We believe 12 disc method is simple and effective mean for rapid and simultaneous identification of carbapenamase production among *E. coli* culture isolates. An integrated system of action of clinicians and microbiologist in deciding the antibiotic treatment, maintaining proper sanitation, antimicrobial policy and epidemiological surveys will help in controlling and preventing the spread of these resistant bugs in the hospital environment.
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